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Description 

Field of the Invention 

[0001 ] The invention relates to devices and means for 5 
placing and securing a vascular graft in a predeter- 
mined location in a patient's vascular system. One such 
device is disclosed in EP-A-472731. 

Background of the Invention 

[0002] It has been long accepted practice to treat a 
variety of vascular disorders in a surgical procedure that 
involves placement of a vascular graft in a patient's vas- 
cular system. The construction and characteristic of the 
graft typically will be adapted to optimize its use in the 
specific surgical environment and condition to be 
treated and, accordingly, a number of different types of 
grafts are available. Among the most common types of 
vascular grafts are those formed from a woven or knit- 
ted tubular fabric as well as non-fabric tubes such as 
expanded polytetrafluoroethylene. Such grafts typically 
are placed in a patient's vascular system in a highly 
invasive surgical procedure. In general, the complexity 
of the surgical procedure required to place the graft will 
depend on many factors, including the location and sur- 
gical accessibility of the portion of the patient's vascula- 
ture where the graft is to be placed. 
[0003] Not all vascular conditions in which it would be 
desirable to place a graft can be so treated. Among the 
particularly troublesome medical conditions in which it 
is desirable to place a graft is that of an abdominal aortic 
aneurysm, in which a portion of the patient's aorta, the 
major artery carrying blood from the heart, has devel- 
oped a weakened wall such that the weakened portion 
will tend to expand under the influence of the patient's 
blood pressure. An aortic aneurysm presents a life 
threatening risk that the aneurysm may burst causing 
massive internal bleeding. Treatment of the condition 
typically has involved deeply invasive abdominal sur- 
gery in which the patient's abdominal cavity is opened 
to reach and expose the aortic aneurysm. While main- 
taining the patient on an independent life support sys- 
tem, the region of the aneurysm is incised lengthwise to 
enable insertion of the graft into the aorta to span the 
weakened region and define a structurally tubular flow 
path between the remaining healthy portions of the 
aorta. The graft so positioned then is sutured in place. 
The graft thus serves as a reinforcing liner for the weak- 
ened portion of the aorta. Such surgical procedures 
have been characterized by a relatively high mortality 
and morbidity rate. Typically, patients suffering from the 
condition are elderly and are less able to survive the rig- 
ors of major abdominal surgery. Additionally, there is a 
substantial degree of risk when the abdominal cavity is 
opened because the confining pressure of other 
abdominal organs on the aorta is released. In some 
cases, the abdominal wall in the region of the aneurysm 



is so weak that upon release of the confining pressure, 
the aneurysm bursts with resulting immediate massive 
hemorrhaging. 

[0004] It would be desirable, therefore, to provide an 
apparatus, system and technique for placement of a 
graft, such as, but not limited to, placement in the 
abdominal aortic region, with a less invasive procedure 
that presents less risk to the patient. It is among the 
general objects of the invention to provide such a sys- 
tem. 

Brief Description of the Prior Art 

[0005] Mirich et al., in "Percutaneously Placed 
Endovascular Grafts for Aortic Aneurysms: Feasibility 
Study", Radioloov (March 1989), describes the use of 
nylon covered, self expanding metallic stents to repair 
abdominal aortic aneurysms that were artificially pro- 
duced in dogs. Mirich et al. describes a graft framework 
constructed from three self expanding metallic zigzag 
stents connected in tandem. The two lower stents are 
covered with nylon. The graft is anchored in position by 
barbs attached to both ends of the graft. Delivery of the 
framework is achieved by compressing the nylon cov- 
ered graft and advancing it through a catheter with a 
blunt tipped introducer wire. When the nylon covered 
portion of the graft bridges the aneurysm, the introducer 
wire is held in place and the catheter slowly withdrawn. 
This releases the graft assembly and allows the stents 
to expand until they press against the vessel walls. 
[0006] In a similar procedure, Lawrence Jr. et al.. in 
"Percutaneous Endovascular Graft: Experimental Eval- 
uation", Radiology (May 1987), discloses the use of an 
expanding stent of the type disclosed in U.S. Patent No. 
4,580,568 (Gianturco) to anchor and support a Dacron 
graft. The Gianturco stent comprises a wire formed into 
a closed zigzag configuration by creating an endless 
series of straight sections joined by bends. The stent is 
resiliency collapsible into a smaller generally tubular, 
low profile shape. In its compressed, low profile shape, 
the straight sections are arranged side-by-side, in close 
proximity, to facilitate insertion. The stent is resiliency 
expandable such that the straight sections press 
against the wall of the artery to maintain it open when 
the stent is permitted to resiliency expand. 
[0007] The procedure disclosed by Lawrence Jr. etal. 
includes the use of a plurality of Gianturco stents in tan- 
dem. Dacron tubing is wrapped around the outside of 
the middle group of the stents, internalizing the stents 
within the graft. As a result, the lead and trail stents act 
as securing means, while the internal stents served to 
open the tubular graft when the device is released from 
the catheter. As with the procedure disclosed by Mirich 
et al., a catheter is used to deliver the graft framework to 
the treatment site. 

[0008] The use of expanding stents is discussed fur- 
ther by Dobben et al. in "Prosthetic Urethra Dilatation 
with the Gianturco Self-expanding Metallic Stent: A Fea- 
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sibility Study in Cadaver Specimens and Dogs", AJR 
156:757-761 (April 1991). Dobben et al. describes the 
use of stainless steel stents bent into a zigzag pattern 
and then formed into a cylinder. Stents having flared 
ends as well as stents that are not flared are discussed. 
The stents are said to have been delivered to a prede- 
termined location by using a coaxial Teflon introducer 
system. The flared stents were said to have been flared 
outwardly at both ends, and, when fully expanded, had 
a smaller diameter in the center than at the ends. 
[0009] EP-A-480667 discloses a percutaneous stent 
assembly of a flexible polymer sleeve with a self- 
expanding zigzag stent inside the sleeve, one in each of 
the two end regions of the sleeve. A rigid support rod is 
disclosed to space apart the two stents. There is refer- 
ence to the presence of more than one such support 
rod. 

[0010] A paper published by Irie et a), published in 
Radiology 1991 ; 178: 575-578 discloses pulling a Gian- 
turco stent on a string into a sheath. 

Summary of the Invention 

[0011] The present invention is defined in claims 1 
and 14 below. The invention provides a repair assembly 
for the minimally invasive, percutaneous placement of a 
vascular graft, such as in the repair of an abdominal 
aortic aneurysm. The device comprises an implant 
which includes a tubular synthetic graft having proximal 
and distal ends and a resilient, self-expanding anchor of 
a length at least as long as that of the graft. In one 
embodiment, the anchor is formed from a single, contin- 
uous wire bent in a zigzag configuration to define a 
series of elongate wire segments connected by bends. 
The anchor defines a three-dimensional generally tubu- 
lar structure having proximal and distal ends. The 
anchor is compressible to a low profile (small diameter) 
and can expand resiliently to an enlarged diameter. In a 
second embodiment, the anchor is formed of a pair of 
expandable segments, each formed of a single, contin- 
uous wire bent in a zigzag configuration. In the second 
embodiment, the two expandable segments are joined 
by at least two, substantially straight struts, in each 
case, the use of a single anchor having a length suffi- 
cient to span the length of the graft allows the physician 
to reposition or remove the graft if, during the graft 
implantation, it is determined that the graft is not posi- 
tioned in the desired location or position. 
[0012] At least one of the ends of the anchor extend 
beyond the ends of the graft, and the exposed ends of 
the anchor may be curved outwardly. The curved ends 
of the anchor thus are adapted to bear against the wall 
of the blood vessel at a plurality of points (in the region 
of the bends) rather than along the full length of the 
anchor. By so concentrating the points of contact of the 
anchor with the blood vessel, a more secure attachment 
of the anchor to the vessel wall is achieved, thereby 
reducing the risk of the device migrating downstream in 



the blood vessel. 

[0013] In another aspect of the invention, the anchor 
is intended to maintain close contact with the graft along 
its entire mutual length. By minimizing the extent to 

5 which portions of the anchor protrude radially inwardly 
into the graft, the cross-sectional area of the lumen 
through the graft is not compromised. This is desirable, 
for example, should it be necessary to subsequently 
treat the patient with a catheter that must be passed 

w through the graft The absence of radially inwardly pro- 
truding anchor portions reduces the risk that the subse- 
quently introduced catheter or other vascularly 
insertable member might become caught on the anchor. 
[001 4] In still another aspect of the invention, the graft 

is may surround the anchor or the anchor may surround 
the graft Additionally, embodiments in which some lon- 
gitudinal elements of the anchor are contained within 
the graft and other longitudinal elements are positioned 
on the outside of the graft are contemplated as well. 

20 [0015] Although the anchor may be attached to the 
graft by sutures, in a further aspect of the invention, it is 
preferred to capture a marginal end portion of the graft 
within a pair of wires that define a portion of the anchor. 
The wire portions may be joined in a manner that cap- 

25 tures a marginal end portion of the graft without the use 
of bulky sutures. 

[0016] Attachment of the anchor to the vessel wall 
may further be enhanced by one or more radially out- 
wardly protruding hooks attached to the anchor. The 

30 hooks engage the vessel wall under the influence of the 
resilient anchor and enhance the anchor's resistance to 
migration once the graft is properly positioned. The 
hooks preferably are formed on the end of short seg- 
ments of wire that are welded to the anchor to locate the 

35 hooks at regions adjacent to the distal bends. The 
hooks extend a short distance beyond the bends and 
become engaged in the blood vessel wall once the 
anchor is expanded. 

[001 7] The graft assembly can be delivered percuta- 
40 neously with a catheter-like delivery device that includes 
an outer sheath and an inner positioning member that 
extends through the outer sheath. The graft assembly is 
compacted to its low profile configuration and is loaded 
within the distal end of the sheath. The delivery device 
45 then is advanced into the patient's vascular system in 
an over-the-wire technique. The positioning member 
has a hollow lumen adapted to receive the guidewire. 
When the delivery system and graft assembly have 
been advanced to the intended site of deployment, the 
so positioning member is held stationary while the sheath 
is withdrawn. As the sheath withdraws, the anchor and 
graft are progressively exposed so that the anchor can 
expand and resiliently engage the wall of the blood ves- 
sel. 

55 [001 8] It is among the general objects of the invention 
to provide a percutaneously deliverable vascular pros- 
thesis that can be repositioned or removed prior to com- 
pletion of an implantation procedure. 
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[001 9] It is another object of the invention to provide 
an improved percutaneously deliverable vascular pros- 
thesis that avoids post implantation migration. 
[0020] Another object of the invention is to provide an 
improved system and technique for more securely s 
anchoring and positioning the vascular graft within a 
blood vessel. 

[0021 ] A further object of the invention is to provide an 
improved technique for treating a vascular aneurysm. 
[0022] Another object of the invention is to provide a 
percutaneously placeable graft assembly that includes 
a graft and a resiliency expandable anchor attached to 
the graft in which the anchor is configured to concen- 
trate the expansion force developed by the anchor at a 
plurality of discrete locations. 

Brief Description of the Drawings 

[0023] The foregoing and other objects and advan- 
tages of the invention will be appreciated more fully 
from the following further description thereof, with refer- 
ence to the accompanying drawings wherein: 

FIG. 1 is a side elevation of one embodiment of the 
implant assembly; 

FIG. 2 is a side elevation of an anchor for use with 
the implant of FIG. 1 ; 

FIG. 3 is a side elevation of a second embodiment 
of the implant assembly; 

FIG. 4 is a side elevation of an anchor assembly for 
use with the implant of FIG. 3; 
FIG. 5 is a diagrammatic illustration of the use of 
sutures to attach an anchor to a graft; 
FIG. 6 is an illustration of an anchor segment and 
attached hook; 

FIG. 7 is an illustration of a portion of the anchor as 
seen from the right of FIG. 6; 
FIG. 8 is an enlarged illustration of the hook 
arrangement in FIG. 6; 

FIG. 9 is an enlarged illustration of the hook 
arrangement in FIG. 7; 

FIG. 10 is an illustration of the distal end of a graft 
having holes adapted to receive and be attached to 
an anchor; 

FIGS. 1 1 and 12 are illustrations of the manner in 
which an anchor may be attached to the graft as 
shown in FIG. 10; 

FIG. 13 is an illustration of the delivery device for 
the implant assembly; 

FIG. 14 is an enlarged sectional illustration of the 
distal region of the delivery device loaded with the 
implant assembly and in readiness for insertion into 
the patient; 

FIG. 15 is a diagrammatic illustration of the manner 
in which the graft assembly may be loaded into the 
distal end of the delivery device; and 
FIGS. 16a-16c are diagrammatic illustrations of a 
section of the delivery device which engages the 



proximal end of the implant. 
FIGS. 17a-17c are diagrammatic illustrations of the 
process by which an implant may be recaptured 
during an implantation procedure. 

Detailed Description of the Invention 

[0024] FIG. 1 illustrates one embodiment of an implant 
assembly, indicated generally at 10, adapted for use in 
the present invention. The assembly 10 includes a syn- 
thetic vascular graft 20 and an anchor 30 which are 
intended to be placed within a patient's blood vessel, 
the invention being described, for example, in connec- 
tion with the treatment of an abdominal aneurysm. The 
graft 20 is tubular and may be formed from materials 
and in any of a variety of constructions known in the art. 
For example, the graft may be formed from expanded 
polytetrafluoroethylene with a porosity and internodal 
distance similar to grafts presently commercially availa- 
ble. Alternately, the graft may be formed from a fabric 
material, either woven or knitted, or in other configura- 
tions known in the art. Preferably, the graft has a poros- 
ity that will exhibit the desired properties of promoting 
tissue ingrowth while precluding undesired blood leak- 
age. The graft can be provided with one or more radio- 
paque stripes 11 to facilitate fluoroscopic or X-ray 
observation of the graft. The stripes may be formed in 
the graft by any conventional means as will be appreci- 
ated by those skilled in the art. The implant assembly 1 0 
also includes an anchor 30 that is secured to the graft 
and serves to retain the graft in position in the Wood 
vessel. The anchor may be positioned either on the inte- 
rior or the exterior of the graft. 
[0025] FIG. 2 shows, somewhat diagrammatically, a 
first embodiment of the anchor 30. For clarity, a portion 
of the anchor has been drawn in phantom. The anchor 
30 can be made from a single continuous length of 
metal wire. The wire preferably may be an alloy of nickel 
(35%), cobalt (35%), chromium (20%), and molybde- 
num (10%). Such wire is commonly available from a 
number of suppliers under the designation MP35N. The 
alloy has high corrosion resistance, is non-magnetic 
and has a strength comparable to stainless steel. The 
wire is formed to define a series of wire segments 34 
and alternating proximal and distal bends 36P, 36D. The 
segments 34 and bends 36P, 36D are arranged in a zig- 
zag pattern. The wire segments 34 preferably have the 
same length. In making the anchor a wire, so bent, is 
attached, as by welding, at its ends to form a three- 
dimensional, generally tubular structure. In addition, 
each of the wire segments 34 is connected to the two 
segments adjacent to either side of it by welds 32P and 
32D. Thus, between each of the proximal and distal 
bends. 36P, 36D is a pair of welds 32P, 32D that join the 
segment 34 connecting the proximal and distal bends to 
the segments positioned adjacent to it on either side. 
[0026] The resulting anchor is resilient and can be 
compressed to a low profile, small diameter conf igura- 
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tion suited for percutaneous delivery into the patient's 
vascular system. In addition, the provision of the welds 
to join adjacent wire segments provides the anchor with 
varying degrees of radial force along its axial length. It is 
desired that the radial forces be greatest at the axial 
ends of the implant, with the middle section exhibiting a 
weaker axial force. That effect can be achieved by join- 
ing each segment to its adjacent segments in the man- 
ner described. Furthermore, as detailed below, grafts 
having a single anchor extending along their entire 
length are adapted for removal during the implantation 
process if so desired. 

[0027] In accordance with the invention, if the anchor 
is of a length such that one or both ends extend beyond 
the graft, either one or both of the portions of the anchor 
segments 34 which extend beyond the graft can be 
curved so as to provide enhanced anchoring capabili- 
ties. In that case, the bends 36P and/or 36D provide 
point-to-point contact with the blood vessel wall, thereby 
enhancing the anchoring by providing localized areas of 
high contact force. 

[0028] The security of the engagement between the 
anchor 30 and the aorta wall may be further enhanced 
by hooks suggested diagrammaticaily at 40, which are 
secured to the anchor 30. The hooks 40, as suggested 
in FIG. 2, are formed on the distal ends of hook wire 
segments 42. The hook wire segments 42 preferably 
are formed from the same material as the main wire of 
the anchor 30. They are secured along the anchor seg- 
ments 34, such that the hooks 40 are disposed beyond 
the distal bends 36D. The segments 42 are welded to 
the anchor segment 34 at first (proximal) and second 
(distal) junctions 46, 48. The hooks 40 preferably are 
sharp and aid in attaching the anchor 30 to the aorta 
wall to prevent migration after the device is implanted. It 
should be understood that although FIG. 1 illustrates a 
hook associated with each of the anchor segments 34, 
it may not be necessary to include a hook for each 
anchor segment. The curved configuration of the 
anchor segments serves several purposes. It results in 
a decrease in the surface area along which the anchor 
30 engages the vessel wall. That, in turn, concentrates 
the resilient expansion force of the anchor at the point- 
like regions of contact of the bends 36P, 36D and hooks 
40 so that they will tend to more f irmly dig into and bear 
against the vessel wall. The anchor segment 34 may be 
curved to include an arc of between about 5° to about 
30°. 

[0029] A second embodiment of the graft assembly is 
shown in FIGS. 3 and 4. In that embodiment, the graft 
20 is of the same construction as described above. The 
anchor 30', however, is formed of a pair of expandable 
segments 33, 35 each joined by at least two longitudinal 
struts 34*. Each of the expandable segments 33, 35 is 
formed of a single continuous segment of wire having a 
series of zigzag bends 37. The struts 34' extend 
between the expandable segments 33, 35, being 
welded between the proximal end of one segment 33 



and the distal end of the other segment 35. The anchor 
30' may be positioned on either the inside or the outside 
of the graft 20. Additionally, in one embodiment, the 
anchor may be mounted such that some struts are posi- 

5 tioned on the inside of the graft while other struts are 
positioned on the outside of the graft. 
[0030] As with the previously described embodiment, 
the anchor 30* may be of a length such that one or both 
ends extend beyond the graft. Additionally, one or both 

10 of the segments, if extending beyond the graft, may be 
curved to assist in maintaining the graft in position in a 
blood vessel. Also, hooks extending from the anchor 
may be used to further aid in maintaining the position of 
the implant. Finally, as in the earlier embodiment, the 

is use of an anchor extending along the entire length of 
the implant allows the implant to be removed during the 
implantation procedure if desired. 
[0031] Either anchor 30, 30* may be secured to the 
graft 20 by sutures. In the case of the first embodiment 

20 anchor 30, the suture preferably secures the anchors at 
the welds 32D, 32R In the case of the second embodi- 
ment anchor 30', the suture preferably secures the 
anchor at the proximal bends of the distal anchor seg- 
ment 33 and at the distal ends of proximal anchor seg- 

25 ment 35. As shown in FIG. 5, anchor 30* may be 
secured to the graft by suturing the bends of segment 
35 of anchor 30' to the graft 20. The suture 50 is passed 
through the mesh of the graft 20 and around a portion of 
the anchor. Preferably, the suture 50 is passed about 

30 the securing section of the anchor four times, with each 
successive stitch 51, 52, 53, 54 being further removed 
from the bend. 

[0032] FIGS. 6 and 7 illustrate, in more representative 
detail the configuration of a segment 34 of an anchor in 

35 accordance with the invention. The segment 34 of FIG. 
6 is curved in the manner described above, however 
such curvature is optional. In the curved configuration, 
the wire segments 42 that support the hooks 40 extend 
more fully toward the proximal bend 36P than in the 

40 configurations illustrated in FIGS. 2 and 4, respectively. 
[0033] By way of dimensional example, in an anchor 
adapted for use in an abdominal aortic aneurysm repair 
prosthesis as illustrated in FIGS. 1 and 2, the hook wire 
segment 42 on which the hook 40 is formed may be of 

45 the order of 22mm (7/8 of an inch) long with the hook 40 
being disposed appproximately 3mm (1/8 of an inch) 
above the distal bend 34D associated with that hook. 
The wire from which the anchor and the hook segment 
are made may be of the order of 0.36mm (0.014 inches) 

so diameter. The proximal and distal resistance welds by 
which the hook segment is secured to the anchor seg- 
ment may be disposed, respectively, about 17mm (2/3 
of an inch) and about 6mm (1/4 of an inch) from the dis- 
tal bend 36D. Fig.6 illustrates a representative degree of 

55 optional curvature for the wire segment and an associ- 
ated hook segment. By way of example, the degree of 
curvature may be of the order of 75mm(3 inches) in 
radius. The relaxed expanded diameter of the anchor 30 
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may be between about 10 mm to 40 mm, depending on 
the blood vessel into which it is to be placed. 
[0034] FIGS. 8 and 9 illustrate in enlarged detail the 
configuration of a typical hook 40 and its associated 
bend. Again, for purposes of illustration the anchor 30 of 
FIGS. 1 and 2 has been shown. The hook is provided 
with a sharpened tip 50 formed at the end of a generally 
radially outwardly protruding portion 52. The protruding 
portion which may be of the order 1.25mm (0.050 
inches) long and may be formed by bending the hook 
wire 42 from which the hook is formed about a pin of the 
order of 1 .25mm(.050 inches) in diameter. The bends 
36P, 36D may be formed by bending the wire about a 
pin of the order of 2.5mm(0.100 inches) in diameter. 
[0035J FIGS. 10, 11 and 12 illustrate portions of an 
assembly incorporating the hook configuration of FIGS. 
6-9 and an improved arrangement for attaching the graft 
20 to the anchor 30' of FIG. 4. As shown in FIG. 10, the 
distal end of the graft 20 is formed to include a plurality 
of circumferentially spaced holes 54 disposed slightly 
proximally of the distal edge 56 of the graft. All edges of 
the graft including the distal edge 56 as well as the 
edges defined by the holes may be heat sealed or oth- 
erwise treated, if necessary, to prevent unraveling of the 
graft By way of example, for an anchor 30* configured 
as described above (Fig.4), the holes 54 may be of the 
order of 0.4mm(0.016 inches) diameter and may be 
spaced approximately 2 mm from the distal edge 56 of 
the graft. FIGS. 1 1 and 1 2 illustrate the manner in which 
the anchor is joined to the graft. After the anchor 30' is 
formed as described above, the hook segment 42 is 
joined to the anchor, such as by resistance welding, but 
only at one of the junctures 46, 48, and preferably, at the 
proximal juncture 46. When the desired number of hook 
segments 42 have been attached to the anchor seg- 
ment 33, the anchor is inserted into the the graft 20 and 
positioned to allow a portion of each hook segment 42 
to extend out of the graft through the holes 54. The posi- 
tion of the anchor 30' is adjusted until the distal, unat- 
tached portion of each hook wire segment 42 overlies 
the outside of the distal margin of the graft while its prox- 
imal end 58 and proximal juncture 46 are positioned on 
the graft interior just proximally to the holes 54. With the 
graft and anchor so assembled, the distal juncture 48 
can be made using a weld or the like. Thus, the marginal 
portion of the graft is captured between the generally 
parallel anchor segments 34 and associated hook seg- 
ments 42 between the proximal and distal junctures 46, 
48. This arrangement is preferred to a sutured connec- 
tion between the anchor and graft in that it cannot 
become unraveled and. additionally, is less bulky than 
the sutured connection. 

[0036] In the preferred embodiment of the invention, 
the implant is selected so that when fully expanded, it 
will match or be slightly larger in diameter than the ves- 
sel to which it is to be implanted. It is intended that when 
the implant is deployed and expanded, the ends of the 
graft will lie as close to the surface of the lumen of the 



blood vessel as possible in order to enhance tissue 
ingrowth into the graft wall and provide a smooth transi- 
tion in the surface that defines the flow area from the 
healthy portion of the blood vessel into the graft. To that 

5 end, the anchor should be selected with respect to the 
graft so that the relaxed, freely expanded anchor will 
define a diameter greater than the fully expanded diam- 
eter of the graft. That assures that when the device is 
deployed, the anchor will open the end of the graft fully. 

10 [0037] FIGS. 13-16 illustrate the catheter-like device 
by which the implant assembly may be percutaneously 
inserted and deployed within the patient's blood vessel. 
The delivery device includes an elongate flexible sheath 
60 formed from a suitable polymeric material and hav- 

15 ing a fitting 62, including a Tuohy-Borst adapter 64 at its 
proximal end. The sheath 60 is adapted to receive a 
positioning tube 66 that has, at its distal tip, a flexible 
distally tapered dilator 68 and a stay 78 located proxi- 
mally of the dilator tip. The proximal end 72 of the dilator 

20 tip is dimensioned to be received within the lumen at the 
distal end of the flexible sheath. The positioning tube 66 
is longer than the sheath 60 so that when assembled, 
the proximal end of the tube 66 will protrude proximally 
of the Tuohy-Borst sheath adaptor 64. The positioning 

25 tube 66 is adapted to receive a guidewire 88 to facilitate 
placement of the device. The device may also be pro- 
vided with a side arm 63. The side arm provides a chan- 
nel through which a fluid, such as a radiopaque dye, 
may be injected into the patient to aid in fluoroscopic 

30 vizualization during the implantation procedure. 

[0038] When the delivery device and graft assembly 
are arranged in readiness for insertion into the patient, 
the graft assembly will be contained within the distal end 
of the sheath 60 and about a portion of the positioning 

35 tube as illustrated in enlarged detail in FIG. 14. As sug- 
gested diagrammatically in FIG. 15, the graft assembly 
is loaded into the delivery device using a funnel-like 
loader 70 having an enlarged distal inlet end 72 and a 
narrowed proximal outlet end 74. 

40 [0039] FIG. 15, which is diagrammatic and not to 
scale, illustrates the configuration of the delivery device 
when loading the graft assembly. The positioning tube 
66 is extended through the sheath with its distal end 
extending beyond the distal tip of the sheath so that a 

45 stay 78 is spaced a short distance from the distal end of 
the sheath 60. The funnel 70 is disposed about the posi- 
tioning tube 66 with the proximal end of the funnel being 
in communication with the distal outlet end of the 
sheath. The graft assembly is placed over the distal end 

50 of the positioning tube 66 in a position such that the 
proximal bends of anchor segment 35 are disposed 
against the stay 78. The graft assembly then is pushed 
into the funnel to compress the proximal end of the 
anchor, and move the anchor, stay, and positioning tube 

55 into the lumen 80 at the distal end of the sheath. As the 
positioning tube and graft assembly are pushed through 
the funnel 70, the graft is progressively constricted to a 
low profile about the positioning tube. Consequently, as 
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the graft assembly constricts about the positioning tube 
66 both are advanced into the distal end of the sheath, 
with the anchor compressed to a low profile with its 
proximal bends bearing against the distal face of the 
stay 78. 5 
[0040] As shown in FIGS. 1 6a-1 6c, the stay 78 which 
is used to maintain the position of the implant 10 as the 
sheath 60 is withdrawn operates in conjunction with an 
implant retention device 85. The retention device 85 
takes the form of a plurality of radially extending spokes 
81 attached to a central hub 83. The retention device 85 
may be mounted on the positioning tube 66 a short dis- 
tance distally to the stay 78, or it may be formed as an 
integral part of the stay As can be seen most clearly in 
FIG. 16a, in extending radially, the spokes 81 of the 
retention device 85 engage the proximal-most ends of 
the anchor 30, 30' when the proximal portion of the 
anchor is compressed within the sheath 60. The 
engagement is acheived by a distal portion of each 
spoke which becomes seated in the space on the inte- 
rior of the bends at the proximal end of the anchor. The 
result is that the anchor, (and thus, the entire implant), is 
prevented from moving distally relative to the stay. In so 
doing, rf removal or repositioning of the implant is 
desired, the sheath 60 may be advanced distally to 
recapture the implant assembly. Since the proximal- 
most bends of the implant assembly are retained by the 
radial spokes 81, the implant is prevented from moving 
in the distal direction as the sheath is advanced. 
[0041] Once the implant has been positioned in its 
final location, the sheath is fully withdrawn, thereby 
allowing the proximal-most section of the anchor to 
expand outwardly into contact with the blood vessel 
wall. Upon expansion, the proximal portion of the 
anchor is released from the retention assembly 85, as 
the anchor expands radially beyond the ends of the 
spokes. In so doing, the implant assembly is released 
from the delivery device and deployed within the blood 
vessel. 

[0042] The tube 66 preferably is provided with a 
marker 82 (FIG. 13) near its proximal end, the marker 
being located so that when it is exposed proximally of 
the fitting 62, the graft assembly will have been with- 
drawn fully into the distal end of the sheath and the 
proximal end of the dilator tip also is drawn slightly into 
the distal tip of the sheath, as shown in FIG. 14. The dis- 
tal tip of the sheath preferably is provided with an inner 
lining segment 84 formed from a relatively hard mate- 
rial. The lining segment is dimensioned and located to 
be aligned with the hooks on the distal end of the distal 
anchor and serves to prevent the hooks 40 from digging 
into the softer material from which the sheath is formed. 
Additionally, the distal liner preferably is formed from a 
material sufficiently dense to be observed under fluor- 
oscopy. When the device is thus loaded, it is in readi- 
ness for insertion into the patient and deployment of the 
graft assembly. 

[0043] The device can be inserted percutaneously 



into the patient's vasculature with the aid of a guidewire. 
The guidewire 88 may be preliminarily loaded into the 
lumen of the positioning tube before the delivery device 
is inserted into the patent or, alternately, the guidewire 
may be placed separately in a preliminary procedure 
into the patient's Wood vessel. In either case, the deliv- 
ery device is advanced into the patient's blood vessel, 
for example, as through the femoral artery when placing 
a graft assembly to treat an abdominal aneurysm. The 
guidewire may be advanced independently toward and 
through the region to be treated. The delivery assembly 
then may be advanced over the guidewire until the graft 
assembly is in its intended position. In the case of an 
abdominal aortic aneurysm, the device would be 
located so that the distal anchor is located distally of the 
region of the aneurysm such that the graft, when 
deployed, can pass through the aneurysm thereby lin- 
ing the artery. With the delivery device so placed, the 
position of the positioning tube is maintained while the 
sheath is withdrawn in a proximal direction. The station- 
ary stay maintains engagement with the proximal end of 
the anchor in the manner described above, thereby pre- 
venting proximal movement of the graft assembly while 
the sheath is withdrawn. As the sheath is progressively 
withdrawn and the anchor emerges from the distal end 
of the sheath, the anchor expands into engagement 
with the inner luminal surface of the blood vessel while 
simultaneously expanding the distal end of the graft. 
[0044] The implants are characterized in their ability to 
be removed or repositioned from the patient prior to 
completion of the deployment process. In particular, as 
long as a portion of the implant is maintained within the 
sheath, the deployment process can be reversed to 
recapture the implant within the sheath and reposition 
or remove it. As discussed above, progressive with- 
drawal of the sheath exposes progressive lengths of the 
implant which expand into contact with the blood vessel 
walls. During this procedure, fluoroscopic visualization 
methods can be used to determine if the implant is 
being positioned as desired. 

[0045] If the positioning is as desired, the sheath is 
withdrawn along the entire length of the implant, thereby 
releasing the implant and allowing it to expand into con- 
tact with the blood vessel along the entire length of the 
implant. However, if it is determined prior to complete 
withdrawal of the sheath (and concurrent release of the 
implant) that the implant is not positioned exactly as 
desired, the sheath can be advanced distally to recap- 
ture the implant. Since, in each embodiment, the 
implant includes a single anchor assembly along the 
entire length of the graft, compression of the proximal 
end of the graft, such as by advancing the sheath, 
allows the compression force to be communicated dis- 
tally. As a result, the sheath may be advanced over the 
entire implant assembly, progressively collapsing and 
recapturing the implant. 

[0046] In contrast, implants having a distal anchor 
and, optionally, a separate proximal anchor, cannot be 
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recaptured following release of the distal anchor from a 
sheath since there is no mechanism for holding and rec- 
ompressing (i.e., recapturing) that anchor. Furthermore, 
even if one were to use fluoroscopic visualization meth- 
ods to determine the positioning of the implant prior to 5 
complete release of the distal anchor, it is unlikely that 
satisfactory results could be achieved since an insuffi- 
cient amount of the implant would be exposed to deter- 
mine its ultimate location and position. 
[0047] FIGS. 1 7a-1 7c depict the implant removal proc- 10 
ess described above. In FIG. 17a, an implant 10 having 
either an anchor 30 of the embodiment shown in FIG. 2 
or anchor 30' of the embodiment shown in FIG. 4 is par- 
tially released from the delivery sheath 60. The distai 
end of the implant has deployed and seated against the 75 
wall of the blood vessel 100. If at this point it is deter- 
mined, such as by fluoroscopic vizualization, that repo- 
sitioning or removal of the implant is required, the 
sheath can be advanced distally to progressively recap- 
ture the implant. As shown in FIG. 17b, the sheath 60 20 
has been advanced in the distal direction D causing 
compression and recapture of a portion of the implant 
10. The compression forces on the proximal end of the 
implant are transferred to its distal end, causing the dis- 
tal end to begin contracting as well. In FIG. 17c, the 25 
sheath has been advanced over the entire length of the 
implant. In so doing, the implant has been removed 
from contact with the vessel wall and can be removed 
from the patient or positioned at a different location. 
[0048] The claims which follow identify embodiments 30 
of the invention additional to those described in detail 
above. 

Claims 

35 

1- A repair assembly (10) for placement in a blood 
vessel and which can be removed from the blood 
vessel, and which comprises 

a tubular graft (20) having a proximal end, a 40 
distal end, and an axial length; and 
an anchor (30) co-axial with the graft and hav- 
ing a proximal end (33), a distal end (35) and 
an axial length at least equal to that of the graft, 
wherein the proximal end and the distal end of as 
the anchor are resiliency expandable and con- 
nected to each other by a plurality of longitudi- 
nal segments (34*) arranged around the axis of 
the anchor, the arrangement being such that: 

50 

(i) the segments extending between the 
proximal and distal ends of the anchor 
transmit a radial compression force from 
one end of the anchor to the other, 

(ii) compression of the graft radially in the ss 
middle of the length of the assembly is 
resisted by the anchor, although less 
strongly than at the axial ends of the 



assembly; and 

(iii) at least one of the proximal (33) or dis- 
tal (35) ends of the anchor is radially resil- 
iency compressible within its own length 
from a first relatively larger diameter dispo- 
sition to a low profile relatively smaller 
diameter disposition and extends beyond 
its respective end of the graft, said at least 
one end defining a connector (37) for direct 
connection to a delivery device (85) upon 
resilient compression to said low profile 
disposition. 

2. A repair assembly as claimed in claim 1, wherein 
the at least one end is formed from a continuous 
loop of wire, which defines the connector, said con- 
nector taking the form of a plurality of distal bends 
(36D) in the wire arranged at spaced locations 
around the circumference of the loop. 

3. A repair assembly as in claim 1 or 2 wherein the 
anchor is secured to the interior of the graft 

4. A repair assembly as in claim 1 or 2 wherein the 
anchor is secured to the exterior of the graft. 

5. A repair assembly as in claim 1 or 2 wherein a first 
portion of the anchor is secured to the interior of the 
graft and a second portion of the anchor is secured 
to the exterior of the graft 

6. A repair assembly as in any one of the preceding 
claims wherein the anchor is constructed to have a 
resilient expansion force along its entire length. 

7. A repair assembly as in any one of the preceding 
claims wherein the anchor is formed from wire, in 
which substantially straight portions (34) are inter- 
spersed with bends (36). 

8. A repair assembly as in claim 7 including welds (46, 
38) between abutting bends in the proximal and dis- 
tal ends of the anchor. 

9. A repair assembly as in claim 7 or 8 wherein the 
resilient expansion force is greater in both the prox- 
imal and distal ends of the anchor than in the mid- 
dle of the anchor. 

10. A repair assembly as in any one of the preceding 
claims, wherein at least one of the self-expanding 
segments comprises a single continuous segment 
of wire having a series of bends (37). 

11. A repair assembly as in any one of the preceding 
claims, wherein the anchor comprises a single con- 
tinuous segment of wire having a plurality of bends 
(36) at each end of the anchor, each bend being 
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joined to two longitudinal wire segments, wherein 
each longitudinal wire segment is joined to an adja- 
cent longitudinal wire segment. 

12. A repair assembly as in claim 1 1 wherein each lon- 
gitudinal segment is joined (46, 48) to two adjacent 
longitudinal wire segments. 

13. A repair assembly as in claim 1 1 or 12 wherein the 
adjacent longitudinal wire segments are joined at a 
point 

14. An abdominal aortic repair assembly comprising: 

a cylindrical graft (20) that is adapted to be 
positioned within a Wood vessel, the graft hav- 
ing a proximal end, a distal end, and an axial 
length; and 

a self-expanding anchor (30) secured to the 
graft, the anchor adapted to inhibit migration of 
the graft once it is properly positioned at a 
desired location in a blood vessel, 
wherein the anchor has a proximal end (33), a 
distal end (35) and an axial length at least 
equal to that of the graft, 
wherein the proximal end and the distal end of 
the anchor are resiliently expandable and con- 
nected to each other by a plurality of longitudi- 
nal segments (34); arranged around the axis of 
the anchor, 

wherein each resiliently expandable end is 
formed from a zigzag wire hoop; 
wherein the expansion of the anchor, interme- 
diate the proximal and distal ends, is provided 
by the wire hoops in the proximal and distal 
ends ; 
and 

wherein at least one of the proximal (33) or dis- 
tal (35) ends of the anchor is radially resiliently 
compressible within its own length from a first 
relatively larger diameter disposition to a low 
profile relatively smaller diameter disposition 
and extends beyond its respective end of the 
graft, said at least one end defining a connector 
(37) for direct connection to a delivery device 
(85) upon resilient compression to said low pro- 
file disposition. 

15. A repair assembly as claimed in any one of the pre- 
ceding claims and including a device for positioning 
the assembly as an implant within a blood vessel, 
which device comprises: 

(a) a tubular sheath (60) for maintaining the 
implant in a radially compressed configuration, 
the sheath having a proximal end and a distal 
end and being open at its distal end and axially 
moveable relative to the implant, 



(b) a stay (78) positioned within the proximal 
end of the sheath to retain the implant as the 
sheath is withdrawn, the sheath being axially 
moveable relative to the stay; and 
5 (c) an implant retainer (85) adapted to engage 

the implant, the sheath being axially moveable 
relative to the retainer and the retainer being 
stationary relative to the stay. 

10 16. A repair assembly as in claim 15 wherein the 
implant retainer is an integral part of the stay. 

17. A repair assembly as in claim 15 or 16 wherein the 
implant retainer comprises a central hub (83) hav- 

15 ing a plurality of spokes (81) extending radially 
therefrom, each of the spokes adapted to engage a 
proximal portion of the implant 

18. A repair assembly as in claim 17 wherein the 
20 spokes are adapted to engage the implant until the 

implant is fully released from the sheath. 

PatentansprOche 

25 1 . Reparaturaufbau (1 0) zum Einsetzen in ein Blutge- 
fa&, der von dem BlutgefSG entfernt werden kann, 
undumfaBt: 

ein rohrenformiges Transplantat (20) mit einem 
30 proximalen Ende, einem distalen Ende und 

einer axialen Lange; und 

einen Anker (30). koaxial mit dem Transplantat 
und mit einem proximalen Ende (33), einem 

35 distalen Ende (35) und einem axialen Ende 

zumirdest gleich jener des Transplantats, 
wobei das proximate Ende und das distale 
Ende des Ankers elastisch aufweitbar sind und 
miteinander durch eine Mehrzahl von LSngsab- 

40 schnitten (34*) verbunden sind, die urn die 

Achse des Ankers angeordnet sind, wobei die 
Anordnung so ist daB: 

(i) die Segmente, die sich zwischen den 
45 proximalen und den distalen Enden des 

Ankers erstrecken, eine radiale Kompres- 
sionskraft von einem Ende des Ankers auf 
das andere ubertragen, 

so (ii) einer Kbmpression des Transplantats in 

Radialrichtung in der Mitte der Ldnge des 
Aufbaus durch den Anker widerstanden 
wird, obwohl weniger stark als an den axia- 
len Enden des Aufbaus; und 

55 

(iii) zumindest eines des proximalen (33) 
Oder distalen (35) Endes des Ankers radial 
elastisch innerhalb seiner eigenen LSnge 



9 



17 



EP 0 657 147 B1 



18 



von einer ersten Anordnung mit relativ grO- 
Berem Durchmesser zu einem geringen 
Querschnitt mit einer Anordnung mit relativ 
geringerem Durchmesser kompressibel ist 
und sich uber sein entsprechendes Ende 5 
des Transplantats erstreckt. wobei das 
zumindest eine Ende einen Verbinder (37) 
fur die direkte Verbindung mit einer Aus- 
tragseinrichtung (85) auf eine elastische 
Kbmpression zu der Anordnung mit gerin- 70 
gem Querschnitt hin def iniert. 

2. Reparaturaufbau gemaB Anspruch 1, wobei das 
zumindest eine Ende aus einer kontinuieriichen 
Drahtschlaufe gebildet ist, die den Verbinder defi- 15 
niert, wobei der Verbinder die Form einer Mehrzahl 
von distalen Biegungen (36D) in dem Draht, der an 
beabstandeten Orten um den Umfang der Schlaufe 
angeordnet ist, einnimmt. 

20 

3. Reparaturaufbau gemaB Anspruch 1 oder 2, wobei 
der Anker mit dem Inneren des Transplantats befe- 
stigt ist. 

4. Reparaturaulbau gemaB Anspruch 1 Oder 2, wobei 25 
der Anker mit der AuBenseite des Transplantats 
befestigt ist. 

5. Reparaturaufbau gemaB Anspruch 1 Oder 2, wobei 
eine erste Position des Ankers an der Innenseite 30 
des Transplantats befestigt ist und ein zweiter 
Bereich des Ankers an der AuBenseite des Trans- 
plantats befestigt ist. 

6. Reparaturaufbau gemaB einem der vorhergehen- 35 
den Anspruche, wobei der Anker aufgebaut ist, um 
eine elastische Aufweitkraft entlang seiner gesam- 

ten Lange zu besitzen. 

7. Reparaturaufbau gemaB einem der vorhergehen- 40 
den Anspruche, wobei der Anker aus Draht gebildet 

ist, in dem im wesentlichen gerade Bereiche (34) 
mit Biegungen (36) versehen sind. 

8. Reparaturaufbau gemaB Anspruch 7, umfassend 45 
SchweiBverbindungen (46, 38) zwischen aneinan- 
derstoBenden Biegungen in den proximalen und 
distalen Enden des Ankers. 

9. Reparaturaufbau gemaB Anspruch 7 oder 8, wobei so 
die elastische Aufweitkraft in sowohl den proxima- 
len als auch distalen Enden des Ankers grafter ist 

ais in der Mrtte des Ankers. 

10. Reparaturaufbau gemaB einem der vorhergehen- 55 
den Anspruche, wobei zumindest eines der sich 
selbst aufwertenden Segmente ein einzelnes konti- 
nuierliches Drahtsegment mit einer Reihe von Bie- 



gungen (37) umfaBt. 

11. Reparaturaufbau gemaB einem der vorhergehen- 
den Anspruche, wobei der Anker ein einzelnes kon- 
tinuierliches Drahtsegment mit einer Mehrzahl von 
Biegungen (36) an jedem Ende des Ankers umfaBt, 
wobei jede Biegung mit zwei Drahtsegmenten in 
Langsrichtung verbunden ist, wobei jedes Draht- 
segment in Langsrichtung mit einem benachbarten 
Drahtsegment in Langsrichtung verbunden ist. 

12. Reparaturaufbau gemaB Anspruch 1 1 , wobei jedes 
Langssegment mit zwei benachbarten Langsdraht- 
segmenten verbunden (46, 48) ist. 

13. Reparaturaufbau gemaB Anspruch 11 oder 12, 
wobei die angrenzenden Langsdrahtsegmente an 
einem Punkt verbunden sind. 

14. Reparaturaufbau fur eine Abdominalaorta, umfas- 
send: 

ein zylinderfOrmiges Transplantat (20), das 
dazu geeignet ist, innerhalb eines BlutgefaBes 
positioniert zu werden, wobei das Transplantat 
ein proximales Ende, ein distales Ende und 
eine axiale Lange besitzt; und 

einen sich selbst aufweitenden Anker (30), der 
am Transplantat befestigt ist wobei der Anker 
dazu geeignet ist, eine Wanderung des Trans- 
plantats zu verhindern, wenn es ordnungsge- 
maB an einem gewunschten Ort in einem 
BiutgefaB positioniert ist, 
wobei der Anker ein proximales Ende (33), ein 
distales Ende (35) und eine axiale Lange 
zumindest gleich jener des Transplantats 
besitzt, 

wobei das proximate Ende und das distale 
Ende des Ankers elastisch aufweitbar und mit- 
einander durch eine Mehrzahl von Langsseg- 
menten (34) verbunden sind, die um die Achse 
des Ankers angeordnet sind, 
wobei jedes elastisch aufwertbare Ende aus 
einem zickzack-fOrmigen Drahtbugel gebildet 
ist; 

wobei das Aufweiten des Ankers zwischen den 
proximalen und distalen Enden durch Drahtbu- 
gel in den proximalen und distalen Enden 
erzeugtwird; und 

wobei zumindest eines der proximalen (33) 
oder distalen (35) Enden des Ankers radial ela- 
stisch innerhalb seiner eigenen Lange von 
einer ersten Anordnung mit relativ grOBerem 
Durchmesser zu einem geringen Querschnitt 
mit einer Anordnung mit relativ kleinerem 
Durchmesser radial zusammenpreBbar ist und 
sich uber sein entsprechendes Ende des 
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Transplantats erstreckt, wobet das zumindest 
eine Ende einen Verbinder (37) zur direkten 
Veibindung mit einer Austragseinrichtung (85) 
auf ein elastisches Zusammendrucken in die 
Anordnung mit geringem Querschnitt definiert 5 

15. Reparaturaufbau gemaB einem der vorhergehen- 
den AnsprOche und umfassend eine Einrichtung, 
um den Aufbau als ein Implantat irmerhalb eines 
BlutgefaBes zu positionieren, wobei die Einrichtung 10 
umfaBt: 

(a) eine rOhrenfOrmige Umhullung (60), um das 
Implantat in einer radial zusammengedrOckten 
Gestalt zu halten, wobei die Umhullung ein pro- 75 
ximales Ende und ein distales Ende besitzt und 

an ihrem distalen Ende offen ist und in axialer 
Richtung relativ zum Implantat bewegbar ist. 

(b) eine Verankerung (78), die innemalb des 20 
proximalen Endes der Umhullung posrtioniert 

ist, um das Implantat zu halten, wenn die 
Umhullung zuruckgezogen wird, wobei die 
Umhullung in axialer Richtung relativ zu der 
Verankerung bewegbar ist; und 25 

(c) einen Implantathalter (85), der dazu geeig- 
het ist, mit dem Implantat in Eingriff zu treten, 
wobei die Umhullung in axialer Richtung relativ 
zum Halter bewegbar ist und der Halter relativ 30 
zu der Verankerung stationar ist. 

16. Reparaturaufbau gemaB Anspruch 15, wobei der 
Implantathalter ein einstuckiges Teil der Veranke- 
rung ist. 35 

17. Reparaturaufbau gemaB Anspruch 15 oder 16, 
wobei der implantathalter eine mittige Nabe (83) 
mit einer Mehrzahl von Speichen (81) umfaBt, die 
sich radial von dieser erstrecken, wobei jede der 40 
Speichen dazu geeignet ist, um mit einem proxima- 
len Bereich des Implantats in Eingriff zu treten. 

18. Reparaturaufbau gemaB Anspruch 17, wobei die 
Speichen dazu geeignet sind, mit dem Implantat in as 
Eingriff zu treten, bis das Implantat vollstandig von 
der Umhullung freigesetzt ist. 

Revendications 

50 

1 . Ensemble de reparation (1 0) pr6vu pour etre place 
dans un vaisseau sanguin et qui peut etre retire du 
vaisseau sanguin, etqui comprend: 

une greffe tubulaire (20) presentant une extr6- 55 
mite proximale, une extremite distale, et une 
longueur axiale, et 

un element d'ancrage (30) coaxial par rapport 



a la greffe et comportant une extremite proxi- 
male (33), une extremite distale (35) et une lon- 
gueur axiale au moins egale a ceile de la 
greffe, selon lequel Textremite proximale et 
I'extremite distale de reiement d'ancrage peu- 
vent se dilater de maniere eiastique et sont 
reliees Tune a I'autre par une pluralite de seg- 
ments lohgitudinaux (34*) disposes autour de 
I'axe de reiement d'ancrage, la disposition 
etant telle que: 

(i) les segments s'etendant entre les extre- 
mites proximale et distale de reiement 
d'ancrage transmettent une force de com- 
pression radiale d'une extremite de reie- 
ment d'ancrage a 1'autre, 
(fi) reiement d'ancrage resiste a la com- 
pression de la greffe dans le sens radial, 
dans le milieu de la longueur de I'ensem- 
ble, mais moins fbrtement qu'au niveau 
des extremites axiales de I'ensemble, et 
(iii) au moins une des extremites proximale 
(33) ou distale (35) de reiement d'ancrage 
peut etre comprimee de maniere eiastique 
dans le sens radial, dans sa propre lon- 
gueur, a partir d'une premiere configura- 
tion a diametre relativement plus important 
jusqu'a une position affaissee, de diametre 
relativement inferieur, et s'etend au dela 
de son extremite respective de la greffe, au 
moins une dite extremite definissant un 
connecteur (37) pour assurer le raccorde- 
ment direct a un dispositif de mise en place 
(85) lors de la compression eiastique 
jusqu'a ladite disposition affaissee. 

2. Ensemble de reparation selon la revendication 1, 
selon lequel au moins une extremite est formee a 
partir d'une boucle continue de fil metallique, qui 
definrt le connecteur, ledrt connecteur ayant la 
forme de plusieurs parties recourbees distales 
(36D) dans le fil metallique dispose en des empla- 
cements espaces autour de la circonference de la 
boucle. 

3. Ensemble de reparation selon la revendication 1 ou 
la revendication 2, selon lequel reiement d'ancrage 
est fixe a I'interieur de la greffe. 

4. Ensemble de reparation selon la revendication 1 ou 
la revendication 2, selon lequel reiement d'ancrage 
est fixe a I'exterieur de la greffe. 

5. Ensemble de reparation selon la revendication 1 ou 
la revendication 2, selon lequel une premiere parte 
de reiement d'ancrage est fixee a I'interieur de la 
greffe et une deuxieme parte de reiement 
d'ancrage est fixee a I'exterieur de la greffe. 
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6. Ensemble de reparation selon Tune quelconque 
des revendications precedentes, selon lequel I'6I6- 
ment d'ancrage est construit de maniere k presen- 
ter une force de dilatation eiastique le long de la 
totality de sa longueur. 5 

7. Ensemble de reparation selon Tune quelconque 
des revendications pr6c6dentes, selon lequel l'6ie- 
ment d'ancrage est forme k partir d'un f il metallique, 
dans lequel les parties sensiblement droites (34) 10 
alternent avec des parties recourses (36). 

8. Ensemble de reparation selon la revendication 7 
comprenant des soudures (46, 38) entre les parties 
recourbees bout k bout dans les extremites proxi- 75 
male et distale de reiement d'ancrage. 

9. Ensemble de reparation selon la revendication 7 ou 
la revendication 8, selon lequel la force de dilatation 
eiastique est plus importante dans les deux extre- 20 
mites proximale et distale de reiement d'ancrage 
qu'au milieu de reiement d'ancrage. 

10. Ensemble de reparation selon Tune quelconque 
des revendications pr6c£dentes, selon lequel au 25 
moins un des segments k dilatation automatique 
comprend un seul segment continu defil metallique 
comportant une s6rie de parties recourbees (37). 

11. Ensemble de reparation selon Tune quelconque 30 
des revendications precedentes, selon lequel reie- 
ment d'ancrage comprend un seul segment continu 

de fil metallique comportant plusieurs parties 
recourbees (36) au niveau de chaque extremite de 
reiement d'ancrage, chaque partie recourbee etant ss 
assembiee k deux segments de fil metallique iongi- 
tudinaux, chaque segment de fil metallique longitu- 
dinal etant assemble k un fil metallique longitudinal 
adjacent. 

40 

12. Ensemble de reparation selon la revendication 11, 
selon lequel chaque segment longitudinal est 
assemble (46. 48) k deux segments adjacents de fil 
metallique tongitudinaux. 

45 

13. Ensemble de reparation selon la revendication 11 
ou la revendication 12, selon lequel les segments 
adjacents de fil metallique longitudinaux sont 
assembles en un point. 

50 

14. Ensemble de reparation de I'aorte abdominale 
comprenant: 

une greffe cylindrique (20) qui est adaptee pour 
§tre positionnee dans un vaisseau sanguin, la 55 
greffe pr6sentant une extremite proximale, une 
extremite distale, et une longueur axiale; et 
un element d'ancrage (30) k dilatation automa- 



tique, fix6 k la greffe, reiement d'ancrage etant 
adapte pour inhiber la migration de la greffe 
une fois positionne correctement k lemplace- 
ment requis dans un vaisseau sanguin, 
selon lequel reiement d'ancrage comporte une 
extremite proximale (33), une extremite distale 
(35) et une longueur axiale au moins egale k 
celiede la greffe, 

selon lequel r extremite proximale et I'extremite 
distale de reiement d'ancrage peuvent se dila- 
ter de manure eiastique et sont reliees I'une k 
I'autre par une piuralite de segments longitudi- 
naux (34); disposes autour de I'axe de reie- 
ment d'ancrage, 

selon lequel chaque extremite pouvant se dila- 
ter de maniere eiastique est fbrm6e k partir 
d'une boucie defil metallique en zigzag; 
selon lequel la dilatation de reiement 
d'ancrage, entre I'extremite proximale et I'extre- 
mite distale est assuree par les boucles de fit 
metallique dans les extremites proximale et 
distale; et 

selon sequel au moins une extremite parmi 
I'extremite proximale (33) et I'extremite distale 
(35) de reiement d'ancrage peut §tre compri- 
mee de maniere eiastique dans le sens radial, 
dans sa propre longueur, k partir d'une pre- 
miere configuration k diametre relativement 
plus important jusqu'& une position affaissee, 
de diametre relativement inferieur, et s'etend 
au dete de son extremite respective de la 
greffe, au moins une dite extremite d£f inissant 
un connecteur (37) pour assurer le raccorde- 
ment direct k un dispositrf de mise en place 
(85) lors de la compression eiastique jusqu'& 
ladite disposition affaissee. 

15. Ensemble de reparation selon I'une quelconque 
des revendications precedentes et comprenant un 
dispositrf pour positionner I'ensemble comme un 
implant dans un vaisseau sanguin, lequel dispositif 
comprend: 

(a) une gaine tubulaire (60) pour mairrtenir 
limplant dans une configuration comprim6e 
dans le sens radial, la gaine preserrtant une 
extremite proximale et une extr6mit6 distale et 
etant ouverte au niveau de son extr6mrt6 dis- 
tale et pouvant se deplacer dans le sens axial 
par rapport k limplant, 

(b) un element de renfort (78) positionne dans 
I'extremite proximale de la gaine pour retenir 
limplant lors du retrait de la gaine, la gaine 
pouvant se deplacer dans le sens axial par rap- 
port k I'etai; et 

(c) un dispositif de retenue (85) de limplant 
adapte pour se mettre en prise avec I'implant, 
la gaine pouvant se deplacer dans le sens axial 
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par rapport au dispositrf de retenu et le disposi- 
tif de retenu etant fixe par rapport a l'6tai. 

16. Ensemble de reparation selon la revendication 15, 
selon lequel le dispositrf de retenue de I'implant fait s 
partie integrante de l'6tai. 

17. Ensemble de reparation selon la revendication 15 
ou la revendication 16, selon lequel le disposrtif de 
retenue de I'implant comprend un moyeu central 10 
(83) comportant plusieurs rayons (81) s'etendant 
dans le sens radial a partir de ce dernier, chacun 
des rayons etant adapte pour se mettre en prise 
avec une partie proximale de I'implant. 

75 

18. Ensemble de reparation selon la revendication 17 
selon lequel les rayons sont adaptes pour se mettre 
en prise avec llmplant jusqu'a ce que I'implant sort 
totalement Iib6re de la gaine. 
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Fig. 10 



18 



EP 0 657 147 B1 



O 
CM 




19 



EP 0 657 147 B1 




EP 0 657 147 B1 




TO 




CM 



21 



EP 0 657 147 B1 




Fig. 16b 




Fig. 16c 
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Fig, 17c 
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